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Topology for Providing Clock Signals to Multiple Circuit Units on a Circuit 

Module 

Priority 

[0001] This application claims priority to European Patent Application No. 

03005541.2 filed March 11, 2003. 

Technical Field of the Invention 

[0002] The invention relates to a topology for providing clock signals to 

multiple circuit units on a circuit module and, in particular, to a topology which is 
appropriate to distribute clock signals to multiple memory chips located on a memory 
module. 

Background Of The Invention 

[0003] An existing clock topology for providing a clock signal to multiple 

memory chips is shown in Fig. 4. The clock topology shown in Fig. 4 is implemented 
in existing DDRI and DDR2 memory modules. 

[0004] The existing memory module comprises a circuit board 10 provided 

with multiple edge connectors 12, one of them being a clock input 12a. The circuit 
board 10 can be inserted with the edge connectors into a mating plug connector 
provided on a motherboard such that the clock input 12a is connected to an external 
clock line so that an external clock signal can be received at the clock input 12a. 

[0005] Multiple memory chips 20a to 20i is provided on the memory module 

circuit board 10. In addition, a phase locked loop unit 22 (PLL unit) in the form of a 
PLL chip is provided on the circuit board 10. A PLL clock input of the PLL 22 is 
connected to the clock input 12a. A PLL feedback loop 24 is connected between a 
PLL feedback loop output and a PLL feedback loop input of the PLL unit. Moreover, 
the PLL unit 22 comprises multiple PLL clock outputs each of which is connected to 
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one or more memory chips via corresponding clock lines 26. The clock lines 26 are 
connected to respective memory chip clock inputs of the memory chips 20a to 20i. 

[0006] The PLL unit 22 provides an internal clock signal via the clock lines 26 

to the memory chips 20a to 20i based on the external clock signal received via the 
clock input 12a. In the ideal case, the PLL unit 22 provides the internal clock signal 
with a zero phase shift to all memory chips 20a to 20i on the memory module which 
can be implemented as a DIMM module. Moreover, in the ideal case, the PLL unit 22 
provides a zero delay from the PLL clock input to the respective clock inputs 28 of the 
memory chips, i.e. the DRAM chips. 

[0007] The topology shown in Fig. 1 has two main disadvantages. The first 

disadvantage is that all clock lines 26, i.e. all clock traces, must be matched with 
respect to length to the longest one so that the delay provided by the line length can be 
compensated for by accordingly adapting the length of the PLL feedback loop 24. As a 
consequence it is necessary to provide the clock traces 26 adjacent to the PLL chip 22 
with a "meander" or "serpentine" structure as it is shown in Fig. 4. Such structures 
occupy much area of the printed circuit board 10. As a result, in most cases, clock 
signal routing requires a separate layer of a multi-layer printed circuit board. 
Moreover, matching the length of all clock traces to the longest one results in a 
performance which is inferior when compared to a performance which could be 
obtained when making use of shorter clock traces. 

[0008] The other main disadvantage of the topology of the clock traces shown 

in Fig. 1 is that most of the existing PLL chips designed for memory applications have 
ten clock outputs, i.e. ten pairs of clock outputs in case of a differential signal 
transmission. In case of a memory module having 36 memory chips (and 1 or 2 
memory registers), load is four DRAM chips per PLL clock output. This reduces the 
signal quality with respect to the slew rate at high frequencies so that operation at 
frequencies of more than 166 MHz appears to be problematic. PLL chips having 18 to 

s 
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20 pairs of clock outputs could, in principle, solve this problem, but unfortunately 
such PLL chips do not exist on the market. Moreover, making using of PLLs with 18 
to 20 pairs of clock outputs would increase the problem concerning the trace lengths 
indicated above. 

Summary Of The Invention 

[0009] It is the object of the present invention to provide a circuit module 

having a topology for providing clock signals to multiple circuit units on the circuit 
module which permits increased clock frequencies when compared to prior art 
solutions. 

[0010] In accordance with a first aspect, the present invention provides a 

circuit module having: a circuit board; multiple circuit units on the circuit board; at 
least one clock input on the circuit board for receiving an external clock signal; a first 
phase locked loop unit (PLL) unit on the circuit board for providing an internal clock 
signal based on the external clock signal to at least a first one of the circuit units; and a 
second PLL unit on the circuit board for providing an internal clock signal based on 
the external clock signal to at least a second one of the circuit units. 

[001 1] The present invention is based on the finding that the above problems 

associated with prior art solutions can be solved or diminished by making use of more 
than one PLL unit per circuit module. By making use of multiple PLL units, the line 
length between the PLL unit and the respective circuit units can be reduced. Moreover, 
the load of each PLL clock output can be reduced when making use of existing PLL 
chips having ten PLL clock outputs, for example. 

[0012] In preferred embodiments of the invention, the circuit module is a 

memory module, a DIMM module, for example, and the circuit modules are memory 
chips, DRAM chips, for example. 
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[0013] According to the present invention, the PLL clock input of the plurality 

of PLL units can be connected to the same clock input on the memory module board 
or to different clock inputs on the memory module board. Each of the PLL units can 
have associated therewith an individual feedback loop. Alternatively, a common 
feedback loop may be provided for two or more PLL units in that an internal clock 
signal is output onto the common feedback loop by one PLL unit, the feedback loop 
branches into multiple feedback loop branches and respective versions of the clock 
signal transmitted via the respective branches of the feedback loop are received by two 
or more PLL units. 

Brief Description Of The Drawing 

[0014] In the following, preferred embodiments of the invention are described 

making reference to the accompanying drawings. In the different drawings, elements 
corresponding to each other are provided with the same reference numerals wherein 
repeated separate description of the same elements is omitted. 

[0015] These and other objects and features of the present invention will 

become clear from the following description taken in conjunction with the 
accompanying drawing, in which: 

[0016] Figures la and lb show a first embodiment of a memory module 

according to the invention; 

[0017] Figures 2a and 2b show a second embodiment of a memory module 

according to the invention; 

[0018] Figures 3a and 3b show a third embodiment of a memory module 

according to the invention; and 

[001 9] Fig. 4 shows a prior art memory module. 
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Description Of The Invention 

[0020] As it is shown in Fig. la, a memory module according to the first 

embodiment of the invention comprises a module circuit board 50a. Multiple circuit 
chips 20a to 20i are provided on one surface of the module circuit board 50a. To 
indicate that a corresponding number of memory chips can also be placed on the 
backside of the module circuit board 50a, backside chips 52a to 52i are shown in Fig. 
la offset with respect to the memory chips 20a to 20i. The memory chips 20a to 20i 
and 52 can be conventional DRAM chips used in existing DDR1 and DDR2 memory 
topologies. 

[0021] The memory module shown in Fig. la is in the form of a DIMM 

module and has multiple edge connectors 12. The module circuit board 50a is adapted 
to be inserted into a mating plug connector on a motherboard so that the edge 
connectors 12 make contact to mating counterparts of the plug connector. As indicated 
in Fig. la, the edge connectors include two board clock inputs 12a and 12b. The board 
clock inputs 12a and 12b will be coupled to clock lines on the motherboard when the 
memory module is inserted into the mating plug connector of the motherboard. 

[0022] Moreover, a first PLL unit 60 and a second PLL unit 62 are provided 

on the circuit board 50a. The PLL units 60 and 62 can be formed by existing PLL 
chips having ten clock output ports, for example. A PLL clock input of the first PLL 
unit 60 is connected to the clock input 12a, while a PLL clock input of the second PLL 
unit 62 is connected to the clock input 12b. A first feedback loop 64 is provided for 
the first PLL unit and a second feedback loop 66 is provided for the second PLL unit 
62. 

[0023] Respective PLL clock outputs of the first PLL unit 60 are connected to 

clock inputs 28 of the memory chips 20a, 20b, 20c and 20d via clock traces 70. In 
addition, each of the clock PLL outputs is connected to the clock inputs of two 
memory chips, namely 20a and 52a, 20b and 52b, and so on. Respective clock outputs 
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of the second PLL unit 62 are connected to clock inputs 28 of the memory chips 20e to 
20i and 52e to 52i via associated clock traces 70. 

[0024] The PLL units 60 and 62 receive an external clock signal via the clock 

inputs 12a and 12b and provide an internal clock signal based on the external clock 
signal to the memory chips. To be more specific, the first PLL unit 60 provides the 
internal clock signal to the memory chips 20a to 20d and 52a to 52d, while the second 
PLL unit 62 provides the internal clock signal to the memory chips 20e to 20i and 52e 
to 52i. 

[0025] As can be seen in Fig. la, the trace lengths of the respective clock traces 

70 can be reduced when compared to the trace lengths of the prior art module shown 
in Fig. 4 by making use of two PLL units rather than a single PLL unit as in Fig. 1 . 

[0026] For the purposes of a clear representation, all clock traces are shown in 

Figures la, 2a, 3a and 4 like single ended traces, while, in preferred embodiments of 
the invention, same are formed by differential traces, as will become clear from the 
description of Figures lb, 2b and 3b. 

[0027] Fig. lb shows a more detailed diagram of the memory module of Fig. 

la. In Fig. lb, the clock inputs 12a and 12b are shown as differential clock inputs. The 
clock inputs 12a and 12b are connected to the first PLL unit 60 and the second PLL 
unit 62, respectively, via respective first transmission lines TL1. In order to prevent 
reflections at the input of the respective PLL unit, respective termination resistors Rl 
are connected between the differential traces of the transmission line connecting the 
clock input 12a to the first PLL unit 60 and the clock input 12b to the second PLL unit 
62. The termination resistors are provided adjacent the respective PLL unit. 

[0028] Each of the PLL units 60 and 62 comprises a clock input CLKin, 

multiple clock outputs CLKout, a feedback input FBin and a feedback output FBout. 
The respective PLL clock input CLKin is connected to the transmission lines TL1 and 
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TL2 respectively, to receive an external clock signal applied to the clock input 12a and 
12b, respectively. 

[0029] Each PLL clock output CLKout is connected to two memory chips via 

respective second transmission lines TL2 and third transmission lines TL3. Again, 
termination resistors Rl are provided in order to prevent reflections. In a practical 
implementation, the length of the second transmission lines TL2 is much longer than 
the length of the third transmission lines TL3. Thus, when considering reflections, the 
lengths of the third transmission lines TL3 can be neglected and the respective 
termination resistor Rl can be provided preceding a respective branching point 80 at 
which the transmission line TL2 splits up into two separate lines TL3 each of which is 
connected to a respective memory chip. 

[0030] For the purposes of a clear representation, Fig. lb only shows the 

connection of one PLL clock output to both DRAM chips 20a and 52a with respect to 
the PLL unit 60 and the connection of one PLL clock output to the DRAM chips 20a 
and 52e with respect to the PLL unit 62. It is clear for a man skilled in the art, that 
each of the PLL units comprises a number of PLL clock outputs appropriate to provide 
a connection to all memory chips of the memory module, wherein each clock output is 
connected to two memory chips in the manner described above with respect to 
memory chips 20a, 52a, 20e and 52e. 

[0031] As it is shown in Fig. lb, the first feedback loop 64 is connected 

between the feedback loop output FBout and the feedback loop input FBin of the PLL 
units 60, while the second feedback loop 66 is connected between the feedback loop 
output and the feedback loop input of the second PLL unit 62. The feedback loops 64 
and 66 are designed to show a behavior between the feedback loop output and the 
feedback loop input of the respective PLL unit similar to the behavior of the respective 
clock traces between the PLL clock outputs of the PLL units and the clock inputs of 
the memory chips. To this end, the feedback loops are designed with a structure 
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similar to that of the clock traces and include a respective fourth transmission line TL4 
and a respective termination resistor Rl. The fourth transmission lines can have the 
same line length as the line length of the clock trace between the PLL unit and the 
memory chips. In order to take into account the fact that two memory chips are 
connected to each PLL clock output, it may be necessary to provide an additional 
capacitor C in the feedback loops. This capacitor C represents a "virtual" second load 
of the respective feedback loop in addition to the feedback loop input of the respective 
PLL unit so that the load conditions of the clock traces and the feedback loops are 
equalized and the feedback loop shows a behavior similar to that of the clock traces. 

[0032] As it is known in the art, the PLL units 60 and 62 output the internal 

clock signal to the feedback loops 64 and 66, respectively via the feedback loop output 
FBout. Thus, one of the normal PLL clock outputs may be used as the feedback loop 
output. The internal clock signal transmitted over the feedback loop is received at the 
feedback loop input FBin. The PLL unit controls the frequency of the internal clock 
signal based on a comparison of the external clock signal applied to the PLL clock 
input CLKin and the version of the internal clock signal received at the feedback loop 
input FBin. To be more specific, the phase of external clock signal applied to the PLL 
clock input and the phase of the internal clock signal transmitted over the feedback 
loop are compared and the internal clock signal output from the PLL clock output is 
controlled such that, in the ideal case, phase shift to all memory chips on the memory 
module is zero and delay from the PLL clock input to the memory chip clock inputs is, 
in the ideal case, zero. 

[0033] According to the embodiment shown in Figures la and lb, two 

independent PLL units are used. To be more specific, each PLL unit has its own clock 
input 12a and 12b, respectively, and its own feedback loop 64 and 66, respectively, on 
the circuit board. This solution has the advantage of a reduced length of nets between 
the PLL units and the memory chips and the advantage of a reduced area occupied by 
such nets. However, in the embodiment shown in Fig. la, two separate clock inputs are 
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provided on the circuit board. Alternatively, one single clock input could be provided 
on the circuit board as will be described later herein making reference to Fig. 3b. 
Moreover, according to the above embodiment, each individual PLL chip may have a 
phase error and, in the worst case, the phase error between the right and the left part of 
the memory module will be doubled. 

[0034] In Figures 2a and 2b, a further embodiment of the present invention is 

shown in the case of which two PLL units 60 and 62 share one feedback loop. 
Moreover, both PLL units 60 and 62 are connected to the same clock input 12a on the 
module circuit board 50b. 

[0035] As can be seen from Fig. 2b, the PLL units 60 and 62 are connected to 

the same board clock input 12a via a first portion TLla of the first transmission line 
and second portions TLlb of the first transmission line. In this situation, a termination 
resistor Rl is connected between the first portion TLla and a branching point 92 at 
which the first portion TLla branches into the two second portions TLlb. The shared 
feedback loop 90 comprises a common feedback loop portion 90a, a branching point 
94, a first feedback loop branch 90b and a second feedback loop branch 90c. The 
common feedback loop portion 90a is connected to the feedback loop output FBout of 
the PLL unit 60 and comprises a transmission line TL5 and a termination resistor Rl. 
At the branching point, the common portion 90a branches into the first feedback loop 
branch 90b which is connected to the feedback loop input FBin of the PLL unit 60, 
and into the second feedback loop branch 90c, which is connected to the feedback 
loop input FBin of the PLL unit 62. Each of the feedback loop branches comprises a 
transmission line TL6. 

[0036] As it is indicated by an indication arrow 100, in the particular 

embodiment shown, the number of feedback loop branches into which the common 
feedback loop portion branches corresponds to the number of memory chips connected 
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to each clock output CLKout. This may be helpful in designing the load of the FBout 
to be similar to the load of CLKout. 

[0037] The embodiment shown in Figures 2a and 2b removes a difference in 

static phase offset between the PLL units 60 and 62. To this end, the PLL units 60 and 
62 must be placed close to each other on the circuit board 50b in order to keep a net 
structure of the feedback loop similar to the clock traces between the PLL units and 
the memory chips. However, by placing the PLL chips close to each other, the line 
lengths required are increased when compared to the embodiment shown in Figures la 
and lb. By making use of a shared feedback loop, the PLL unit 62 does not need a 
separate feedback loop output, so that that output indicated in Fig. 2b as a feedback 
loop output could be used as a normal clock output. 

[0038] A further embodiment of the present invention making use of a shared 

feedback loop and providing for reduced clock trace lengths is shown in Figures 3a 
and 3b. As in Fig. 1, the PLL units are placed in an unsymmetrical manner spaced 
apart from each other between the circuit chips 20a to 20e. The clock inputs of the 
PLL units 60 and 62 are connected to the same board clock input 12a. Both PLL units 
60 and 62 make use of a shared feedback loop 102, wherein, due to the spatial distance 
between the PLL units, the structure of the PLL loop is different from the structure of 
the clock traces between the PLL units and the memory chips. An indication for this is 
given in Fig. 3a by line 104. 

[0039] As can be seen in Fig. 3b, the clock input of the PLL units 60 and 62 

are connected to the common circuit board clock input 12a via a first portion of a first 
transmission line TLla and respective second portions of the first transmission line 
TLlb. A termination resistor is connected between the differential lines of the first 
portion TLla preceding a branching point 92. The lengths of the transmission lines 
TLla and TLlb depend on the positions of the PLL units on the module circuit board. 
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[0040] The shared feedback loop 102 comprises a common feedback loop 

portion 102a, a branching point 106, a first feedback loop branch 102b and a second 
feedback loop branch 102c. The first feedback loop 102b and the second feedback loop 
branch 102c are similar to each other. The connection of the elements of Fig. 3b is 
similar to that described with respect to Fig. 2b. However, in case of Fig. 3b, the feed- 
back loops associated to each of the PLL units have a different structure when 
compared to the structure of the traces between the PLL units and the memory chips. 
The feedback loop associated to the PLL unit 60 is the feedback loop comprising the 
common portion 102a and the first branch 102b. The feedback loop associated to the 
PLL unit 62 is the feedback loop comprising the common portion 102 and the second 
branch 102c. Thus, in the embodiment shown in Fig. 3, additional elements have to be 
connected into the feedback loop in order to obtain an electrical behavior similar to 
that of the clock traces between the PLL units and the memory chips. In the 
embodiment shown in Fig. 3b, this is achieved by connecting matching capacitors Cmi 
and Cm2 between the differential lines of the feedback loops parallel to termination 
resistors Rl. In this embodiment, the position of the PLL units is optimized for a 
shortest possible PLL to DRAM routing. 

[0041] Also not explicitly stated above, it is clear that the length of the 

respective clock traces between the PLL units and the different memory chips has to 
be adapted to the length of the longest clock trace for each embodiment. Moreover, it 
is clear for a man of ordinary skill that termination resistors could be positioned at 
other or additional positions in order to achieve the required performance with respect 
to preventing reflections. 

[0042] While this invention has been described in terms of several preferred 

'embodiments, there are alterations, permutations, and equivalents which fall within the 
scope of this invention. It should also be noted that there are many alternative ways of 
implementing the methods and compositions of the present invention. It is therefore 
intended that the following appended claims be interpreted as including all such 

HOU03:959892.2 12 



068758.0177 PATENT 
IO040204PUS/pw 

alterations, permutations, and equivalents as fall within the true spirit and scope of the 
present invention. 
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